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6XFKDPDFKLQHLVVLJQLILFDQWO\GLIIHUHQWIURPWKHGHVFULSWLRQLQWKHERRNRI$.XEtN2XUFRQFHSWUHVXOWV
IURP GLSORPD WKHVLV WKDW LV VWDWHG LQ WKH UHIHUHQFHV ,Q WKH ILUVW FKDSWHU ZH ZLOO VKRZ KRZ WKH FRQFHSW RI WKH
PHFKDQLVPZDVGHYHORSHG%DVHGRQWKHFUHDWHGPHFKDQLVPZHZHUHDEOHWRVHHDQGFRQFHSWXDOL]HWKHFRQWUROOLQJ
RIWKHURERWLQWKHYLUWXDOHQYLURQPHQW
'XULQJ GHYHORSPHQW ZH HQFRXQWHUHG VHYHUDO SUREOHPV WKDW ZLOO EH PHQWLRQHG LQ WKLV DUWLFOH IROORZHG E\ WKH
SRVVLEOHVROXWLRQVZHUHDFKHG
:HZLOO LQYHVWLJDWH WKHXVDJHRIIX]]\ORJLFZLWKFRRSHUDWLRQZLWKH[WHUQDO OLEUDULHV WKDWDUHEHLQJXVHGLQRXU
UHVHDUFKDQGEHQHILWVRIWKHVHOLEUDULHVZLOOEHPHQWLRQHGDVZHOO7KHUHDGHURIWKLVDUWLFOHZLOOEHLQWURGXFHGWRWKH
SDUDPHWHUVRIURERW.KHSHUD,9DQGZHZLOOSDUWLDOO\RXWOLQHRXUJRDO%\RXUJRDOZHPHDQWKHFRQWURORIWKHURERW
XVLQJRXUDSSOLFDWLRQLQGHYHORSPHQW
,QWKHQH[WFKDSWHUZHZLOOH[SODLQLQGHWDLOVRXUFXUUHQWVWDWXVLQWKHGHYHORSPHQWDQGWKHGLUHFWLRQRIRXUHIIRUWV
&XUUHQW6WDWXV
)LUVWO\LWLVYLWDOWRLQIRUPWKHUHDGHUWKDWGXULQJWKHWLPHWKLVDUWLFOHZDVZULWWHQ0DUFKZHZHUHZRUNLQJ
RQDQHVVHQWLDOSDUWRI WKLVSURMHFW WKDWZHKRSH WRXWLOL]H LQ WKHZRUNZLWK WKHSK\VLFDO URERW7KLVSDUW LVEHLQJ
GHYHORSHGSDUDOOHOZLWKWKHNH\DSSOLFDWLRQDQGVKDOOEHXVHGDVDVRIWZDUHSDFNDJHIRUIXUWKHUVWXG\7KHSDFNDJH
WKDWZLOOEHSURGXFHGVKDOOEHXVHGDVDQLQIHUHQFHPHFKDQLVPIRUWUDQVSDUHQWLQWHQWLRQDOORJLFILQHO\HODERUDWHGLQ
WKHERRNE\0'Xåt  WKDWZLOOEHGLVFXVVHG LQIXWXUHDUWLFOHV:HGRZHPHQWLRQ WKLV LQIRUPDWLRQ",Q WKH
IROORZLQJPRQWKVDOOWKHGDWDPHQWLRQHGLQWKLVDUWLFOHZRXOGKDYHEHHQDSSOLHGLQWRWKHSK\VLFDOURERW1RQHWKHOHVV
WKHDUWLFOHRULJLQDWHVIURPWKHRUHWLFDOILQGLQJVWKHVHILQGLQJVDUHDOUHDG\EHLQJYHULILHGLQSUDFWLFHLQWKHWLPHWKLV
DUWLFOHLVEHLQJZULWWHQ
1RZZHVKDOOPRYHWRWKHILUVWSDUWRIWKLVFKDSWHUZKHUHZHZLOOEULHIO\GHVFULEHWKHFRRSHUDWLYHPHFKDQLVPWKDW
LVXVHG WRSURYLGHILQDOPRWLRQRI WKHURERWERWK LQUHDODQGYLUWXDOHQYLURQPHQW7KLVPHFKDQLVPLVGHVFULEHG LQ
GHWDLOLQ/0DPXOD
2.1 The description of cooperative mechanism 
,Q RUGHU WRGHVFULEH FRRSHUDWLYHPHFKDQLVPZHZLOO XVH)LJ 2Q WKLV)LJZH FDQ VHH VLPSOH WRSRORJ\ WKDW
FRQVLVWVRIWZRFRPSXWHUV7KHW\SHRIFRPSXWHUVLVQRWRIVLJQLILFDQWPHDQLQJIRURXUSXUSRVH:HXVH0LFURVRIW
RSHUDWLRQV\VWHPGXHWR WKHIDFW WKDW WKHDSSOLFDWLRQLVZULWWHQLQ-DYD6(+RZHYHURWKHUSODWIRUPVDUHSRVVLEOH
7KHZKROH WRSRORJ\FRXOGEH LQFDVHRIPRWLRQVLPXODWLRQGHVLJQHG LQYLUWXDOHQYLURQPHQWDOVRDVDSHHUWRSHHU
PRGHO :H ZLOO EH QRZ PRYLQJ WRZDUGV WKH H[SODQDWLRQ RI FRRSHUDWLYH PHFKDQLVP :H GR QRW XVH JHQHWLF
DOJRULWKPVLQRXUPDFKLQHDVLWZDVLQWKHERRNE\$.XEtN,QRXUFDVHZHIRFXVHGRQRQHRIPDQ\HFRQRPLFDO
PHFKDQLVPVZLWKFRQVLGHUDWLRQRIWKRXJKWVRI)YRQ+D\HN
:H FKRVH WKH VXSSO\ DQG GHPDQG WKHRU\ RQ WKH MRE PDUNHW DV D FRRSHUDWLYH PHFKDQLVP :H PRGLILHG WKH
PHFKDQLVP IRU RXURZQSXUSRVHV8VLQJ VXFKPHFKDQLVPVZHKDYH FUHDWHG LQWHUQDO SURFHVVHV WKDW DOORZXV IUHH
PRYHPHQWZLWKRXUURERWLQWKHVFRSHRI'VSDFH
)LJ  GHVFULEHV WKH ZKROH PHFKDQLVP DQG GXH WR WKH IDFW WKDW WKH PHFKDQLVP LWVHOI KDV EHHQ GHVFULEHG LQ
SUHYLRXV DUWLFOHV ZH ZLOO GHVFULEH WKLV PHFKDQLVP UDWKHU EULHIO\ ,Q WKH QH[W FKDSWHU ZH ZLOO EH DEOH WR VHH DQ
HTXLOLEULXPGLDJUDPWKDWZLOOLOOXVWUDWHWKHZKROHPHFKDQLVP
&RRSHUDWLYHPHFKDQLVPLVFUHDWHGLQWKHZD\RIUHZDUGVDQGSXQLVKPHQWV$WWKHEHJLQQLQJWKHPDQDJHULDODJHQW
WKDW LV LQ FKDUJH RI WKH V\VWHP RI MRE RIIHUV DQG MRE DVVLJQPHQWV LV JLYHQ D GHIDXOW DPRXQW RIZHDOWK$IWHU WKH
ZHDOWKVHWWLQJWKHVHQVRUVDUHWXUQHGRQZKLFKFUHDWHVWKHVWULQJUHSUHVHQWLQJWKHDFWXDOSRVLWLRQRIURERW¶VORFDWLRQ
)URPWKLVVWULQJWKHVXSSO\RIMREDQGWKHSULFHLVFUHDWHG7KHSULFHFUHDWLRQPHFKDQLVPLVUDWKHUFRPSOH[DQGLWLV
EDVHGRUPRUHFRQGLWLRQV7KHPRVWLPSRUWDQWFRQGLWLRQLVZKHWKHUWKHDJHQWIXOILOOVWKHVWDWHRIWKHURERWWKURXJK
KLVZRUN6WDWHVRIURERWDUHFDUULHVFROOHFWVDQGIRRG
$ORQJ ZLWK DOUHDG\ GHVFULEHG SURFHVVHV WKH DSSOLFDWLRQ LV ODXQFKHG FRQFXUUHQWO\ RQ WKH VHFRQG 3& 7KLV
DSSOLFDWLRQUHSUHVHQWVVROXWLRQDJHQWV,QWKLVSKDVHWKHGHIDXOWZHDOWKLVDVVLJQHGWRLQGLYLGXDODJHQWV
2QFHZH FUHDWHG WKH SULFH IRU WKH MRE WKHPDQDJHULDO DJHQW FKHFNVZKHWKHU VROXWLRQ DJHQWV DUH VLJQHG LQ 7KHVH
DJHQWVZLOOZDQWWRDFTXLUHWKHRIIHUHGMRE7KHVROXWLRQDJHQWVIURPWKHFRQFXUUHQWO\UXQQLQJDSSOLFDWLRQUHSRUWWR
WKH PDQDJHULDO DJHQW DQG VWDWH WKHLU SULFH WRJHWKHU ZLWK QDPH WKDW WKH\ UHTXLUH IRU VXFK D MRE 7KH SULFH LV
HVWDEOLVKHGEDVHGRQPRUHLQIRUPDWLRQ
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7KHSULFHUHTXLUHGE\VROXWLRQDJHQWVLVEDVHGRQDFWXDOZHDOWK$VZHPHQWLRQHGEHIRUHWKHVROXWLRQDJHQWVDV
ZHOO DV WKHPDQDJHULDO DJHQWV DUH JLYHQ D GHIDXOW DPRXQWZHDOWK ,Q FDVH RI VROXWLRQ DJHQWV WKLVZHDOWK LVPRUH
G\QDPLFLQFKDQJHWKDQLQPDQDJHULDODJHQW,QFDVHRIVROXWLRQDJHQWVWKHFKDQJHRIZHDOWKLVFRQGXFWHGWKURXJK
DFTXLULQJRIDMREDQGIXUWKHUHYDOXDWLRQRILWVMRE,IVRPHRIWKHVROXWLRQDJHQWVDFTXLUHVWKHMREDQGFRQGXFWVLWLW
LVFRQWUROOHGZKHWKHUWKHVWDWHRIWKHURERWKDVFKDQJHGIURPSUHYLRXVDIWHUWKHIXOILOOPHQWRIWKHMRE,QFDVHWKH
VWDWHRIWKHURERWGRHVQRWFKDQJHWKHVROXWLRQDJHQWWKDWFRQGXFWHGWKHMREORVHVSDUWRILWVZHDOWK,QRSSRVLWHFDVH
DUHZDUGLVDGGHGWRLWVZHDOWK7KLVUHZDUGLVGHGXFWHGIURPWKHZHDOWKRIWKHPDQDJHULDODJHQWV\VWHPZHDOWK
,QDFDVHZKHQDQ\VROXWLRQDJHQWUHDFKHVWKHSRLQWZKHQLWLVQRWFDSDEOHRIFRQGXFWLQJDQ\MRELWPD\DVNIRUD
KHOSIURPWKHPDQDJHULDODJHQW7KHPDQDJHULDODJHQWVHQGVLWDSDUWRILWVZHDOWKFRWKDWWKHVROXWLRQDJHQWLVDEOH
WRSDUWLFLSDWHIXUWKHUVHOHFWLRQSURFHGXUHV
7KLVSURFHVVSDUWLDOO\VLPXODWHVIXHORUPRUHSUHFLVHO\WKHEDWWHU\VWDWXVLQSK\VLFDOURERW7KHFDVHRIDFRPSOHWH
ODFN RIZHDOWK LQPDQDJHULDO DJHQW VKRZV LQ D VLWXDWLRQ WKDW WKH URERW VWRSVZRUNLQJ GXH WR DEVHQFH RI HQHUJ\
$QRWKHUSURFHVVLVOLQNHGWRWKLVVLWXDWLRQ,WLVDWUDQVLWLRQWRWKHVWDJHIRRG7KHURERWWXUQVLQWRWKHVWDWHIRRGRQO\
LQDPRPHQWZKHQ WKHZHDOWKRIPDQDJHULDOV\VWHPUHDFKFULWLFDO OHYHO2QFH WKLVSUHPLVH LVFRQILUPHGWKHURERW
VWDUWVWRVHHNVRXUFHRIIRRGLQWKHDUHDHQHUJ\
6RIDULQWKLVSURMHFWZHKDYHQRW\HWGHDOWZLWKWKHLVVXHRIHQYLURQPHQWDOPRGHO,QRXUVLPXODWRUZHKDGDIRRG
VRXUFHDQGDORFDWLRQIRUURERW¶VZDVWHGLVSRVDOORFDWHGLQRQHLQKHUHQWVSRW5RERW¶VWDVNZDVWRVHDUFKWKHVSDFH
ZLWKRXWDQ\QHHGWRUHFRUGRUFUHDWHDPDS7KLVLVVXHZLOOEHWDFNOHGLQWKHQH[WFKDSWHU
:HKDYHZHQWWKURXJKWKHIXQFWLRQVRIWKHFRRSHUDWLYHPHFKDQLVP:HQRZPRYHIRUZDUGLQWRWKHQH[WFKDSWHUWKDW
ZLOOGHVFULEHWKHSURFHVVRIVHOHFWLRQSURFHGXUH7KHVHOHFWLRQRIWKHZLQQLQJDJHQWWRFRQGXFWDMREDQGVHTXHQWLDO
UHZDUGDVLWZDVGHVFULEHGDERYH
2.2 Knowledge base with a usage of fuzzy logic 
,QWKLVFKDSWHUZHZLOOIRFXVRQIX]]\ORJLFWKDWKDVEHHQDOUHDG\HODERUDWHGLQWKHDUWLFOHSXEOLVKHGDV/0DPXOD
 ,Q FXUUHQW DUWLFOHZHZLOO QRW IRFXVRQ WKLV DUHD LQGHWDLO:HZLOO RQO\GHPRQVWUDWH IDFWV WKDW KDYHEHHQ
REVHUYHGGXULQJWKHSURFHVVRUVROXWLRQWKDWKDYHEHHQFRQFOXGHG


)LJ&RRSHUDWLYHPHFKDQLVPGHVFULSWLRQ㻃 )LJ5XOHVFUHDWLRQYLVXDOL]DWLRQ㻃

)X]]\ORJLFUHSUHVHQWVIXQGDPHQWDOUROHLQRXUV\VWHP:HKDYHLQFRUSRUDWHGWKLVSDUWLQWRRXUV\VWHPLQWRWKH
SURFHVVRIGHFLVLRQPDNLQJWKDWVWULYHWRILQGWKHPRVWHIIHFWLYHZD\WRFKRRVHDQGDJHQWWKDWDFTXLUHVWKHMRE7KH
VHOHFWLRQRIWKHZLQQLQJDJHQWGHSHQGVMXVWRQWKHSURFHVVRIIX]]LILFDWLRQDQGGHIX]]LILFDWLRQ
:H KDYH XVHG -DYD OLEUDU\ M)X]]\/RJLF IRU RXUZRUNZLWK IX]]\ ORJLF'HWDLOHG GHVFULSWLRQ RI WKLV OLEUDU\ LV
DYDLODEOHRQWKHZHESDJHVZKHUHGRZQORDGRIWKLVOLEUDU\LVDOVRSRVVLEOH8VLQJWKLVOLEUDU\ZHKDYHPDQDJHGWR
FUHDWH UXOHV IRU RXU V\VWHP ,QVHSDUDEOH SDUW RI WKH FUHDWLRQ RI WKH NQRZOHGJHEDVH DQG IX]]\ ORJLF LWVHOIZDV WR
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GHVLJQIX]]\VHWVLQDZD\WKDWDOORZXVWRZRUNZLWKWKHV\VWHPLQDGHVLUHGZD\7KHIROORZLQJ)LJVKRZVWKH
SURFHVVRIWKHFUHDWLRQRIUXOHVEDVHGRQDOUHDG\HVWDEOLVKHGIX]]\VHWV<RXPD\QRWLFHWKDWDSDWWHUQHPHUJHVIURP
WKHELSDUWLWHFKDUW,IZHORRNFORVHO\RQWKH)LJLWLVREYLRXVWKDWZHFRPELQHDOOVHWV%\WKLVFRPELQDWLRQZH
JDLQUXOHV1RWHYHU\VLQJOHUXOHLVLPSRUWDQWVRZHDSSO\VXEVWLWXWLRQIRUVHYHUDOUXOHVWKXVORZHUWKHDPRXQWRI
UXOHV(DFKSRLQWRQ)LJHPERGLHVDQLQGLYLGXDOIX]]\VHW)X]]\VHWVDUHDOZD\VFORVHGZLWKDFRORUHGUHFWDQJOH
7KHGHVFULSWLRQDERYHWKHUHFWDQJOHVKRZVWKHQDPHRIWKHIX]]\VHWV7KHQH[W)LJLVGHVLJQHGWRSURYLGHEHWWHU
XQGHUVWDQGLQJLQGLYLGXDOODEHOVDQGFRQQHFWLRQLQRXUFKDUW


)LJ)X]]\VHWVDQGWKHLUFKDUWSUHVHQWDWLRQ*HQHUDWHGE\DSURJUDP
)LJVKRZVLQGLYLGXDOIX]]\VHWVLQDV\VWHPRIFRRUGLQDWHV,WLVFOHDUWKDWZHKDYHVL[FKDUWVZKLOHWKHVHYHQWK
VHUYHV WR JDLQ UHVXOWLQJ FULVS'XH WR XVHG SURJUDPPLQJ OLEUDU\ZHZHUH DEOH WRZLWKGUDZQ IURP WKH RULJLQDOO\
SODQQHGPHWKRGRIZHLJKWHGDYHUDJHWKDWZHZDQWHGWRXVHIRUWKHSURFHVVRIGHIX]]LILFDWLRQ:HPD\QRZXVHWKH
PHWKRGRI&HQWURLGWKDWLVIDUPRUHDFFXUDWHWKDQWKHRULJLQDOO\LQWHQGHGRQH$IWHUWKHLQSXWGDWDGHIX]]LILFDWLRQZH
JDLQDQHZQXPEHUIURPWKHVHWRIUHDOQXPEHUV7KLVQXPEHULQGLFDWHVRUPRUHOLNHO\GHFLGHVZKLFKDJHQWLVWKH
PRVWVXLWDEOHWRFRQGXFWWKHDFWXDOMRE7KHXVHRIIX]]\ORJLFDVGHVFULEHGLQWKLVFKDSWHULVYLWDOIRUWKHSURFHVVRI
WKHVHOHFWLRQSURFHGXUH7KLVPHWKRGDOORZVXVYHU\HIIHFWLYHZD\WRFKRRVHWKHZLQQLQJDJHQW7KLVLVZKDWPDNHV
WKHPRYHPHQWRIWKHURERWVHHPPRUHQDWXUDO,QWKHQH[WFKDSWHUZHZLOOWDNHDFORVHUORRNRQWKHSK\VLFDOURERW
WKDWZHZLOOEHLQWKLVSURMHFWZRUNLQJZLWK

)LJ(TXLOLEULXPGLDJUDPRIFRRSHUDWLYHPHFKDQLVP
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+D\HNPDFKLQHDQG.KHSHUD,9
,Q WKLV FKDSWHUZH ORRN DW VHYHUDO LPDJHV RI HTXLOLEULXPGLDJUDPV DQGZHZLOO JR WKURXJK WKH FXVWRPL]DWLRQ
QHFHVVDU\IRURXUFRRSHUDWLYHPHFKDQLVPWREHXVHGIRUWKHFRQWURORIURERWVRIWKH.KHSHUD,9W\SH7KHILUVW)LJ
RI WKLV FKDSWHU )LJ  VKRZV DQ HTXLOLEULXP GLDJUDP WKDW UHSUHVHQWV FRRSHUDWLYH PHFKDQLVP DV GHVFULEHG LQ
SUHYLRXVFKDSWHU1RZZHZLOOIRFXVRQVRPHRIWKHVWDWHVWKDWZHFDQVHHDWWKH)LJ7KHILUVWVWDWHRQ)LJWR
IRFXVRQLVWKHVWDWH/RJLQ7KLVVWDWHLQRXUGLDJUDPPDNHVDQGVXEPDFKLQHWKDWZHFDQYLVXDOL]HDVVKRZHGRQWKH
IROORZLQJ)LJ

)LJ(TXLOLEULXPGLDJUDPRIWKHOLIHF\FOHRIWKHVROXWLRQDJHQW
)LJVKRZVWKHVXEPDFKLQHODEHOHGORJLQ,QWKLVGLDJUDPZHFDQVHHWKHVHTXHQFHRIVWHSVIURPWKHEHJLQQLQJ
RIWKHOLIHF\FOHRIWKHDJHQWWRLWVFRQFOXVLRQ)ROORZLQJ)LJVKRZVDQGHTXLOLEULXPGLDJUDPZKHUHZHFDQVHH
WKHVHOHFWLRQRIWKHZLQQLQJDJHQW,WLVDJDLQRQHVXEPDFKLQHIURPWKH)LJ
)LJVKRZVWKHSURFHVVRIVHOHFWLRQSURFHVVWKDWZDVGHVFULEHGLQWKHFKDSWHUVDERYH7KHPHFKDQLVPGHVFULSWLRQLV
QRZVXIILFLHQWO\GHVFULEHGDQGZHPD\QRZPRYHWRZDUGVLQRXUDUWLFOH


)LJ(TXLOLEULXPGLDJUDPRIWKHVHOHFWLRQRIWKHZLQQLQJDJHQW
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3.1 Khepera IV 
7KLV W\SH RI URERW LV LGHDO IRU RXU UHVHDUFK 5HJDUGLQJ LWV KDUGZDUH HTXLSPHQW ZH DUH FDSDEOH WR DSSO\ RXU
FRQFHSWLQDZD\VRWKDWWKHURERWLVDEOHWRZRUNLQVSDFHZLWKRXWPDMRUHUURUV7HFKQLFDOSDUDPHWHUVRIWKHURERW
FDQEHIRXQGRQZHESDJHVVWDWHGLQWKH)LJGHVFULSWLRQ
5RERW.KHSHUD,9PRYHVLQD'ZRUOGLIZHGRQRWFRQVLGHUWLPHDVDQRWKHUGLPHQVLRQ:HFDSLWDOL]HRQWKLV
IDFWEHFDXVHFXUUHQWO\ZHWRRGRQRWFRQVLGHUPRYHPHQWLQ'ZRUOGPD\EHLQIXUWKHUVWXGLHV
$QRWKHULQWHUHVWLQJIDFWLVWKDWWKHURERWLVHTXLSSHGZLWK&&WUDQVODWRU7KLVLVZKHUHZHZDQWWRSRLQWRXWWKH
PDMRUDGYDQWDJHRIRXUZRUN:HDUHXVLQJRXURZQSURWRFROVIRURXUDSSOLFDWLRQV:HGHVLJQHGWKHPWRSURYLGHWKH
FRPPXQLFDWLRQDPRQJDJHQWV7KHLQGHSHQGHQF\RQWKHURERWVSURJUDPPLQJODQJXDJHLVHQVXUHG7KLVLQIRUPDWLRQ
ZLOOEHIXUWKHUDQDO\]HG0HVVDJHVWKDWDUHEHLQJVHQGDPRQJDJHQWVDUHFRQGXFWHGYLDVWDQGDUG7&3,3:(XVHG
WKLVIRURXUEHQHILW WRHQVXUHÄPXOWLSODWIRUPSURJUDPPLQJ³5RERWPD\EHSURJUDPPHGLQDQ\ODQJXDJHRQFHWKH
IRUPDWRILQFRPLQJDQGRXWJRLQJPHVVDJHVLVFRPSOLHGZLWK,IWKHIRUPDWRIWKHPHVVDJHLVNHSWWKHVHFRQGSDUW\
ZLOODOZD\VNQRZZKDWWKHRUGHULVUHJDUGOHVVRIWKHODQJXDJHLWLVSURJUDPPHGLQ
3.2 Environmental model  
7KHDEVHQFHRIWKHHQYLURQPHQWDOPRGHOLQRXUSURMHFWKDVDOUHDG\EHHQPHQWLRQLQFKDSWHUVDERYH7KLVDEVHQFH
LVQRWEHFDXVHZHGRQRWZDQW WRGHDOZLWK WKLV WKHPH ,W LV WKHH[DFWRSSRVLWH7KHVFRSHRI WKH VROXWLRQRI WKLV
SUREOHP LV UDWKHU FRPSOLFDWHG VR ZH KDYH GHFLGHG WR GLYLGH LW 7KH GLYLVLRQ LQWR WZR SDUWLDO VXESURMHFWV ZDV
QHFHVVDU\$QGEHFDXVHZHDUHQRWKLQJEXWFRZDUGO\VHHPLQJYLUJLQVWKDWRIWHQGHYRXUIUHVKO\VKDYHGSXELFKDLUZH
KDYHGHFLGHG WR IRFXVRQRQH VROHSUREOHPZKLFK LV WKHFRRSHUDWLYHPHFKDQLVP7KHQHFHVVLW\RIHQYLURQPHQWDO
PRGHOZDVQRWRIVXFKLPSRUWDQFHDOVRGXHWRWKHIDFWWKDWZHKDYHVLPXODWHGWKHPRYHPHQWRIWKHURERWLQDUWLILFLDO
HQYLURQPHQW RI RXU VLPXODWRU+RZHYHUZH KDYH UHDFKHG WKH SKDVH RI WKH SURMHFWZKHQZHPXVW GHDOZLWK WKH
HQYLURQPHQWWRSODFHWKHURERWLQWR(QYLURQPHQWDOPRGHOFDQEHVROYHGZLWKPDQ\WHFKQLTXHV:HZLOOIRFXVRQ
RQHWKDWZHZLOOWU\WRGHVFULEHLQWKHIROORZLQJWH[W
7KHVSDFHPDSSLQJLVDUDWKHUGLIILFXOWLVVXH,QRXUFDVHZHZLOOPDSWKHVSDFHLQDZD\WKDWLVDQDORJLFDOWRWKH
ZD\RIPDSSLQJFRQGXFWHGE\DEOLQGPDQWKDWLVSODFHGLQWRWKHXQNQRZQHQYLURQPHQW$WWKHEHJLQQLQJWKHURERW
ZLOOQRWKDYHDQ\LQIRUPDWLRQZKHUHLW LVRUDERXWLWVZKHUHDERXWV%\FRQWLQXRXVPRYHPHQWDQGGDWDDFTXLVLWLRQ
IURPLWVVHQVRUVZLOOEHWKHEODFNXQPDSSHGSODFHVUHFRUGHGXVLQJVLPSOHPDUNV%HFDXVHLQRXUVLPXODWRUWKHURERW
ZDV QRW DOORZHG EH\RQG GHILQHG ERUGHUV HYHQ LQ WKH QHZ VROXWLRQ WKH HQYLURQPHQWZLOO EH UHJXODWHG WR DQ DUHD
GHILQHGE\XQLWVRIGLVWDQFHFPP,IWKHURERWPDSVWKHZKROHDUHKHVWRUHVWKHFHUWDLQDUHDLQPHPRU\2QFHRXU
DSSOLFDWLRQOHDUQVWKDW WKHZKROHVSDFHKDVEHHQPDSSHGSRVVLEO\E\WKHIDFW WKDW WKHURERWVHDUFKHVLQ WKHVDPH
VSDFHDOOWKHWLPHWKHV\VWHPPD\FUHDWHDXQLILHGHQYLURQPHQWDOPRGHOHJIODWOD\RXW%DVHGRQWKLVPRGHOZH
ZLOODGMXVWFRPSOH[LW\RIVHYHUDOSURFHVVHVLQWKHV\VWHPIURPWKHOLIHF\FOHSKDVHVRIPDQDJHULDODJHQW:HFKRVH
PDQDJHULDODJHQWEHFDXVHLWLVLQFKDUJHRIWKHVHQVRUVDFWLYDWLRQDQGGDWDSURFHVVLQJIURPVHQVRUV5RERWPLJKWQRW
QHHG WRXVHVHQVRUV WRVFDQ LWVVXUURXQGLQJVDVRIWHQ ,W LVSRVVLEOH WRRQFHDJDLQXVHWKHEOLQGPDQDQDORJ\7KH
EOLQGPDQRFFXS\LQJDFHUWDLQVSDFHPDQDJHWKHVSDFHLQDZD\RIPLQLPXPFKDQJHV,QKLVKRXVHKROGWKHEOLQG
PDQWKHQPRYHVEDVHGRQKLVPHPRU\+HUHPHPEHUVWKHOD\RXWRIIXUQLWXUHDQGRWKHUHTXLSPHQWLQWKHVSDFH
7KLVVROXWLRQKDVLWVGLVDGYDQWDJHV2QHRIWKHPDMRUGLVDGYDQWDJHVLVWKHPLQRUFKDQJHRIWKHHQYLURQPHQW7KH
SUREOHPPD\ EH VROYHG E\ OHDYLQJ WKH VHQVRUV UXQ FRQWLQXRXVO\ RQ WKH EDFNJURXQG RI WKH DSSOLFDWLRQ2QFHZH
UHFRUGDFULWLFDOYDOXHRQWKHVHQVRUZKLFKZRXOGLQGLFDWHDFROOLVLRQZLWKRWKHUREMHFWWKH³DXWRSLORW´FRQWUROOLQJWKH
URERWZRXOGVKXWGRZQ$IWHUWKHVKXWGRZQZHZRXOGRQFHDJDLQVWDUWPDSSLQJWKHHQYLURQPHQWWLOODOOFKDQJHVDUH
UHFRUGHG
:HDUHJRLQJWRIRFXVRQWKHHQYLURQPHQWDOPRGHOLQIXUWKHUVWXGLHVWKDWZLOODOVREHFRQGXFWHGZLWKWKHXVDJHRI
RXUVWXG\RIWUDQVSDUHQWLQWHQWLRQDOORJLF&RQVLGHULQJWKHYDVWVFRSHRIWKLVLVVXHZHPXVWQRZPRYHIRUZDUGDQG
QRWWRVLQNLQWRXQQHFHVVDU\GHWDLOV
3.3 Cooperative mechanism adaptation  
:HKDYHSUHVHQWHGPDQ\XVHIXOLQIRUPDWLRQDERXWWKHFRRSHUDWLYHPHFKDQLVPWKDWZHXVHLQRXUSURMHFWLQWKLV
DUWLFOH VR IDU :H ZLOO IRFXV LQ WKLV FKDSWHU RQ WKH VSHFLILF DGMXVWPHQWV RI WKLV PHFKDQLVP UDWKHU WKDQ IXUWKHU
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H[SODQDWLRQRIWKHPHFKDQLVPLWVHOI$OODGMXVWPHQWVVHUYHWKHSXUSRVHWRDGDSWRXUDSSOLFDWLRQWRWKHFRQWURORIWKH
SK\VLFDOURERWQRWWKHURERWLQWKHVLPXODWRU
7KH PRVW LPSRUWDQW PRGLILFDWLRQ RI RXU PHFKDQLVP LV WKH PRYHPHQW RI WKH URERW 7KH URERW PRYHG LQ WKH
VLPXODWRUZLWKLQWKHVSDFHGHILQHGE\FRRUGLQDWHV,QUHDOVSDFHWKLVRSWLRQLVQRWSRVVLEOH+HUHLQZHPXVWUHSODFH
FRRUGLQDWHVE\XQLWVRIGLVWDQFH7KH ILUVWPDMRUPRGLILFDWLRQ LV WKHFDOFXODWLRQGRQHE\VROXWLRQDJHQWV6ROXWLRQ
DJHQWVZLOOQRZFDOFXODWHWKHGLVWDQFHRIPRWLRQRIWKHURERWLQVWHDGRIFDOFXODWLQJWKHQHZFRRUGLQDWHV
$QRWKHUSURJUDPPRGLILFDWLRQLVWKHFUHDWLRQRIDQHZVWDWXV:HKDYHDOUHDG\PHQWLRQDERYHLQWKLVSDSHUWKDWWKH
URERWFDQEHLQWKUHHVWDWHVFDUULHVFROOHFWVDQGIRRG7KHVHVWDWHVZLOOUHPDLQEXWQRZZHPXVWLQFOXGHRQHPRUH
VWDWH7KH URERWZLOOKDYHQR LGHDDERXWZKHUH WRGLVSRVH WKHJDUEDJHRUZKHUH WR ILQG IRRG UHFKDUJLQJGHYLFH
7KDWLVZK\ZHQRZLQWURGXFHWKHQHZVWDWH±PDSSLQJ
7KHSUREOHPZLWKILQGLQJWKHFKDUJLQJGHYLFHFDQEHVROYHGHDVLO\7KHSODFHWKHURERWVWDUWVZLOOEHPDUNHGDV
GHIDXOW,WZLOOEHPDUNHGLQWKHHQYLURQPHQWDOPRGHODVDSODFHWRILQGWKHFKDUJLQJGHYLFH,QWKHPRPHQWZKHQWKH
URERWFKDQJHVLWVPRGHWRDXWRSLORWLWFKDQJHVLWVVWDWXVWRFROOHFWVDQGWKHZRUNPD\EHJLQ
$QLPSRUWDQWSURJUDPPRGLILFDWLRQZLOOHPHUJHUHJDUGLQJWKHVWDWXVFDUULHV6RIDUZHKDYHGLVFXVVHGRQO\WKH
PRYHPHQWRI WKHURERW:KDWZLOOEHWKHJRDORI WKHURERW":KHQZLOO WKHFKDQJHIURPFROOHFWV WRFDUULHVRFFXU"
7KHVHTXHVWLRQVGHPRQVWUDWHWKHFRPSOH[LW\RIRXUSURMHFW$OJRULWKPVRILPDJHUHFRJQLWLRQZLOOEHSDUWRIIXUWKHU
VWXGLHV7KHURERWZLOOKDYHWRUHFRJQL]HDQREMHFWWKDWZLOOEHXSORDGHGLQWRKLVREMHFWGDWDEDVH'XHWRWKHIDFWWKDW
ZHH[SHFWVLJQLILFDQWWLPHFRQVXPSWLRQUHJDUGLQJWKLVVROXWLRQWREHSXWLQSUDFWLFHZHZLOOQRWFRQWLQXHLQIXUWKHU
WKHRUHWLFDOVSHFXODWLRQV
$QRWKHUFKDQJHUHJDUGLQJWKHFRRSHUDWLYHPHFKDQLVPLVWKHZRUNZLWKFHQWUDONQRZOHGJHEDVH:HDUHQRWJRLQJ
WRHODERUDWHIXUWKHULQWKLVDUWLFOHEHFDXVHLWLVDJDLQDSDUWRIWKHSURMHFWIRUIXUWKHUVWXGLHVDQGSXEOLFDWLRQV:HZLOO
RQO\ LPSO\ SRVVLEOH VROXWLRQV WKDW DUH QRW \HW SURSHUO\ YHULILHG7KH URERWZLOO GXULQJ WKH WLPH RIPDSSLQJ DOVR
FROOHFWH[SHULHQFH7KHVHH[SHULHQFHVZLOOEHORJJHGLQDZD\RIUXOHV7KHVHUXOHVZLOOWKHQEHVHQWWRWKHFHQWUDO
NQRZOHGJHGDWDEDVHLQEDWFKHVRULQFRQWLQXRXVO\UHDOWLPH
3UDFWLFDOXVDJH
:HZLOOIRFXVRQWKHSUDFWLFDOXVDJHRIWKHZRUNZHKDYHGHVFULEHGLQSUHYLRXVSDUWVRIWKLVDUWLFOH7KHSUDFWLFDO
XVDJHRIWKLVSURMHFWFDQEHYHU\GLYHUVH:HZLOOWDNHDFORVHUORRNRQRQHRIWKHRSWLRQDQGGHVFULEHLWFORVHO\
,PDJHVKRZVEDVLFLGHDRIWKHXVDJHRIRXUSURMHFW:HFDQVHHYLVXDOL]DWLRQVKRZLQJOHYHOVRIRXUDSSOLFDWLRQ



)LJ.KHSHUD,95RERW>@ )LJ3UDFWLFDOXVDJHRIWKHFRQFHSWRI+D\HN¶VPDFKLQHIRUURERWFRQWURO㻃
 
7KHEDVHRIWKHYLVXDOL]DWLRQFRQVLVWVRIWKHUHSUHVHQWDWLRQRIURERWV,QWKLVOHYHOZHSRLQWRXWWKHDOUHDG\VWDWHG
LQIRUPDWLRQ WKDW URERWVPD\EHSURJUDPPHG LQDQ\ ODQJXDJH7KHFRPPXQLFDWLRQ LV VGRQH WKURXJKSUHGHVLJQHG
FRQVHFXWLRQRIFRPPXQLFDWLRQ
7KH QH[W OHYHO LV WKH FRPSXWHUV :H WULHG WR LOOXVWUDWH GLUHFWO\ RXU FRQWUROOLQJ DSSOLFDWLRQ RXU FRRSHUDWLYH
PHFKDQLVPUXQVRQ7KHPHDQLQJRIWKHDUURZVVKDOOEHFOHDUWRWKHUHDGHUIURPSUHYLRXVFKDSWHUV
/DVWOHYHOLOOXVWUDWHVGDWDVWRUDJH+HUHZHJHWWRWKHPDLQLGHD7KHJRDOLVWRGHVLJQWKHDSSOLFDWLRQVRLWFDQFRQWURO
UDQGRPDPRXQWRIURERWV7KHFDSDFLW\XWLOL]DWLRQRIWKHSK\VLFDOGHYLFH3&ODSWRSXVHGIRUWKHDSSOLFDWLRQJRHV
KDQG LQ KDQG ,W LV SRVVLEOH WR UXQ VHYHUDO FRQWUROOLQJ DSSOLFDWLRQV RQ VHYHUDO GHYLFHV ZKLOH HDFK FRQWUROOLQJ
DSSOLFDWLRQZLOOPDVWHURQO\GHILQHGVHWRIURERWV7KLVUHVXOWZHFDQDFKLHYHKRZHYHUWKHLGHDJRHVIXUWKHU,IZH
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FUHDWHDQDSSOLFDWLRQDEOHWRFRQWURODGHILQHGVHWRIURERWVZHZRXOGDOVROLNHDGLVWULEXWHGGDWDEDVHRINQRZOHGJH
7KLVEDVHRINQRZOHGJHZRXOGH[SDQGWKURXJKWKHGDWDFROOHFWLRQE\HDFKURERW5RERWVZRXOGVHQGQHZVLWXDWLRQV
RU ILQGLQJV WR WKHFRQWUROOLQJDSSOLFDWLRQ(DFKFRQWUROOLQJDSSOLFDWLRQZRXOG WKHQ VWRUH WKH VLWXDWLRQVRU ILQGLQJV
LQWRWKHFHQWUDONQRZOHGJHGDWDEDVH:HFDQUHDFKYDVWSDFHRIOHDUQLQJRIWKHV\VWHPDVDZKROH(DFKURERWZLWK
PLQLPXPSURJUDPHTXLSPHQWFRXOGEDVHLWVGHFLVLRQPDNLQJRQWKHLQIRUPDWLRQFROOHFWHGE\RWKHUURERWVLQWKHLU
OLIHWLPH
7KLV LGHD FDQ EH XVHG DOVR LQ WKH FRPPHUFH DUHD 7KHPDLQ SUREOHP RI WKLV LGHD LV WKH FRPPXQLFDWLRQ WKURXJK
SXEOLF DQG SULYDWH QHWZRUNV:H DUH FRQVLGHULQJ UHPRWH DFFHVV WR WKH GDWD VWRUDJH DQG DOVR WKH FRPPXQLFDWLRQ
DPRQJDJHQWVZLWKLQWKHFRQWUROOLQJDSSOLFDWLRQLVQHFHVVDU\,PSRUWDQWDQGQRWOHDVWLVWKHFRPPXQLFDWLRQEHWZHHQ
FRQWUROOLQJDSSOLFDWLRQDQGWKHURERWLWVHOI,IZHFDQHQVXUHWKHIDXOWOHVVDQGSHUPDQHQWFRPPXQLFDWLRQLWZRXOGEH
SRVVLEOHWRDSSO\RXUVROXWLRQLQSUDFWLFH
7KLV SUREOHP FDQ EH VROYHG XVLQJ UHPRWH DFFHVV WKURXJK 931  WHFKQRORJLHV RU RWKHU QHWZRUN WHFKQRORJ\
+RZHYHUZHZLOOIRFXVRQILQGLQJDVROXWLRQWRWKLVSUREOHPLQIXUWKHUDUWLFOHV

&RQFOXVLRQ

:H VKDOO HYDOXDWH WKH LQIRUPDWLRQ JDLQHG LQ WKLV DUWLFOH ,Q WKH ILUVW SDUW RI WKH DUWLFOHZH KDYH UHPLQGHG WKH
FRRSHUDWLYHPHFKDQLVP VHOHFWHG IRU RXU SURMHFW 7KLVPHFKDQLVPZDV GHVFULEHGZLWK UHIHUHQFH WR HDUOLHU VWXGLHV
IRFXVHGRQWKHFRRSHUDWLYHPHFKDQLVPGLUHFWO\:HKDYHPHQWLRQVWKHIX]]\ORJLFEHLQJXVHGLQRXUSURMHFWZLWK
FRSURGXFWLRQRI-DYDOLEUDULHV
1H[W SDUW RI WKLV DUWLFOH IRFXVHGRQ WKH GHVFULSWLRQRI WKH SK\VLFDO URERW WKDWZH DUH JRLQJ WRZRUNZLWK:H
IRFXVHGRIWKHGHVFULSWLRQDQGSRVVLELOLWLHVRIWKHHQYLURQPHQWDOPRGHO)LQDOO\LQWKLVDUWLFOHZHKDYHH[SODLQHGWKH
ZD\ZHXVHWKHFRRSHUDWLYHPHFKDQLVPLQRUGHUWRFRQWUROWKHURERW
/DVWSDUWRIWKLVDUWLFOHLVIRFXVHGRQWKHSUDFWLFDOXVDJHRIRXUUHVHDUFK$VLWZDVYLVLEOHWKHFXUUHQWSRVVLELOLWLHV
DUHUDWKHUOLPLWHG+RZHYHUZHEHOLHYHWKDWGXULQJWKHGHYHORSPHQWRXUV\VWHPJDLQVPRUHFRPSOH[IRUPWKDWZLOO
EHDEOHWRFRPSHWHZLWKRWKHULQVWUXPHQWVRIURERWFRQWUROWKDWDUHDOUHDG\RQWKHPDUNHW$VLWZDVPHQWLRQHGLQWKH
EHJLQQLQJWKHSURMHFWLVVWLOOLQPRWLRQ,WLVYLWDOWRFRQVLGHUWKHDGYDQFHPHQWLQGHYHORSPHQWRUSRVVLEOHFKDQJHRI
FRXUVHLQGHYHORSPHQWLWVHOIZKLOHUHDGLQJWKLVDUWLFOH

$FNQRZOHGJHPHQWV

7KLVDUWLFOHZDVGHYHORSHGZLWKWKHVXSSRUWRIWKHSURMHFW%LRORJLFDOO\PRWLYDWHGFRPSXWLQJPRGHOVDSSOLFDWLRQ
ZLWKSURMHFWFRGH6*6

5HIHUHQFHV
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
 0DPXOD/)X]]\ORJLNDYPXOWLDJHQWRYpPV\VWpPXVXPČORXHNRQRPLt.RJQLWLYQtYČGDDXPČOêåLYRW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
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